ABSRACT
The molecular effects of Saussurea lappa extracts, a traditional medicine in Eastern Asia, on the fate of gastric carcinoma have not been understood. In this study, its cytostatic effects were examined using gastric AGS cancer cells. Its treatment resulted in apoptosis and G2-arrest in a dose-and time-dependent manner. The effects were attributed to the regulation of cyclins and pro-apoptotic molecules and suppression of anti-apoptotic molecules.
Therefore, these results suggest that extracts of Saussurea lappa root may be a candidate to deal with gastric cancers either by traditional herbal therapy or by combinational therapy with conventional chemotherapy.
INTRODUCTION
The dried root of Saussurea lappa Clarke has been traditionally used for abdominal pain and tenesmus as a traditional medicine in Korea, China, and Japan. Sesquiterpene lactones including costunolide and dehydrocostus lactone are major components of the root and have been suggested to possess various biological activities, including anti-tumor, anti-ulcer, antiinflammatory, neurocytotoxic and cardiotonic activities [1] . Costunolide has been shown to have preventive effects on intestinal carcinogenesis, via pro-apoptotic effects of costunolide [2, 3] . In addition, it has also been shown to inhibit endothelial cell proliferation via a blocking of VEGFR KDR/Flk-1 signal pathway [4] .
Cell proliferation is a tightly controlled process consisting of multiple checkpoints responsible for the regulation of abnormal cell cycle progression. Transitions between G1, S, and G2/M phases are regulated by biochemically-coordinated actions of cyclins, cyclindependent kinases (CDKs), CDK inhibitors (CKIs), all of which can in turn be modulated by diverse intracellular signals transduced from extracellular growth cues [5] . So far, the G1 to S phase transition through the restriction (R) point or S phase entry has been shown to be regulated by mitogenic reagents, an intact cytoskeletal network, and cell adhesion as well [6] [7] [8] [9] [10] . In addition to the G1-checkpoint, there has been evidence that cellular systems often arrest at a G2-check point to avoid cell divisions that would produce daughters with damaged or abnormally synthesized DNA [11] [12] [13] . One of the molecules involved in the cell growth checkpoint includes p53, which induces cell cycle regulators including p21
Waf1 CKI [13] . In turn, p21 Waf1 CKI inhibits CDC2-cylinB complex, leading to a G2-arrest [12] .
On the other hand, although gastric cancer occurs very frequently and Saussurea lappa extracts have been used as a traditional medicine in Asia, the molecular effects of Saussurea lappa extracts on cell proliferation or apoptosis have not been precisely and fully studied. Annexin V staining: Cells were untreated or treated with Saussurea lappa extract for 48 h at 100 µg/ml, prior to flow cytometric determination, as explained previously [14] . Antibodies against p53, cyclins D1, E, A, and B1, Cdc2, p21, and caspase 3 were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA) and anti-active caspase 3 was from Promega (Madison, WI). The protein was visualized by using an ECL chemiluminescence method (Amersham Pharmacia Biotech), followed by autoradiography.
RESULTS
We have had an interest in examining the anticancer activity of Saussurea lappa extract on a gastric cancer cell line, AGS cells, with a special emphasis on the effects of the extract on apoptosis and cell cycle arrest pathway.
We first checked whether the Saussurea lappa extracts included Sesquiterpene lactones including costunolide by a HPLC analysis. As shown in the figure 1A , the extracts showed major peaks including one for costunolide. Then we determined how Saussurea lappa extract affected the viability of AGS cells, by quantitating the viable cells after treating cells with various concentrations ranging from 10 µg/ml to 1 mg/ml using the MTT assay.
When cell viability was determined after treatment with Saussurea lappa extract for 3 days, there was a dose-dependent inhibition of cell viability, and most cells were not vital at 500 µg/ml of extract. The apparent IC 50 was determined to be 70 µg/ml ( Figure 1B) .
Meanwhile, the parallel treatment of the extracts to a normal epithelial cell line from rat intestine (RIE1) showed much less strong effects on inhibition of viability (with an IC50 at about 500 µg/ml, Figure 1B ). Therefore, Saussurea lappa extract could induce growth inhibition of gastric cancer cells such as AGS cells, in addition to other type cancer cells previously reported including intestinal carcinoma cells [3] and leukemia [15] . Next we tried to examine whether the growth inhibitory effects were cytotoxic or cytostatic. Cells in two sets were treated with either 80 or 100 µg/ml Saussurea lappa for 48 h, and then the extract-containing media of one set in each extract concentration was replaced with fresh normal culture media before additional 48 h incubation. When viability in various conditions was analyzed with the MTT assay, the extract-retracted conditions showed recoveries of viability as time passed after the replacements of media, meanwhile the extractcontaining conditions kept growth inhibition ( Figure 1C ). These indicate the cytostatic effects by the Saussurea lappa extract. after the treatment and then declined notably at 48 h treatment ( Figure 2C ). However, a predominant population in the G2/M cell cycle phase was evident 48 hrs after treatment with Saussurea lappa extract, indicating that cells were undergoing G2-arrest by this treatment ( Figure 2C ). The G2-arrest induced by Saussurea lappa extract was confirmed by another approach, where the expression levels of cyclins after treatment with Saussurea lappa extract was measured biochemically. As shown in figure 3 , levels of cyclin D1 did not decrease and cyclins E and A rather increased with the treatment until 24 h after the treatment, indicating that G1-arrest did not occur and progression to and through S phase occurred until the 24 h posttreatment as shown in figure 2C . In addition, the increases in cyclins E and A were not correlated with an increase in mitotic cyclin B, which indicates that mitosis could not occur.
However, at 48 h after the treatment, the cyclins E and A were declined and cyclin B was not detected, indicating that G2 arrest and apoptosis might simultaneously occurred (Figures 3   and 2 ). These indicate that S phase progression occurred until 24 hr posttreatment or so, but that cells are either in G2 arrest and/or death by apoptotic DNA degradation at 48 h.
Previously it was shown that p53 activation and thus induction of p21 Waf1 CKI is involved in G1 and G2-arrest as well in response to DNA damage. Therefore, we have tried to examine whether both p53 and p21 Waf1 CKI might be induced by Saussurea lappa treatment. When levels of the both were biochemically measured, it was clear that p53 and G2 arrest is also known to be mediated by ataxia-telangiectasia mutated (ATM) and ATM and Rad3-related kinase (ATR), which are induced by DNA damages and inactivate mitotic CDK (Cdc2) by Chk1/2-activation-mediated retaining of its stimulator Cdc25C at cytoplasm. ATM/ATR can also phosphorylate Ser15 of and activate p53 (reviewed in [16] .
To check whether the G2 arrest by the extracts was dependent on ATM/ATR-dependent pathways, we have checked effects of caffeine, an ATM/ATR inhibitor, on regulation of the cell cycle regulators expression by the Saussurea lappa extract treatment. When cells were treated only with the Saussurea lappa extract, the expression and phosphorylation at Ser15 of p53 was increased but Cdc2 and Cdc25C decreased ( Figure 4A and B) . Meanwhile, in the presence of ATM/ATR inhibition by caffeine, the extract treatment abolished in part the Saussurea lappa extract-mediated effects ( Figure 4B ). However, the caffeine-independent effects were obvious at 12 h after the extract treatment, compared to control (i.e., untreated with the Saussurea lappa extract). These indicate that the Saussurea lappa extract treatment resulted in G2 arrest and apoptosis probably via ATM/ATR-dependent and -independent pathways involving increase in and activation of p53.
When we next checked levels of certain pro-apoptotic or anti-apoptotic molecules, their levels correlated well with the apoptotic trend of AGS cells induced by treatment with Saussurea lappa extract. That is, the expression level of anti-apoptotic molecules, such as Bcl 2 , decreased gradually, whereas a pro-apoptotic molecule such as Bax, which opposes the action of Bcl 2 , increased by treatment with the extract ( Figure 5 ). Furthermore, cleavage of procaspase 3, activation of caspase 3, and loss of intact poly(ADP-ribose) polymerase (PARP)
were obvious, although we failed to detect the cleaved products of caspase3 and PARP, probably due to extensive apoptosis leading to degradation of their cleaved products ( Figure   5 ), indicating that thereby their activation could lead to apoptosis.
Taken together, the extract from Saussurea lappa, an herbal medicine frequently used in Eastern Asia, has been shown here to induce the G2-arrest of AGS gastric cancer cells probably by modulating cyclin levels through p53/p21 Waf1 CKI induction. The extract also induced concomitant programmed cell death by activating pro-apoptotic molecules and suppressing anti-apoptotic molecules. These results indicate that Saussurea lappa extract can be a candidate therapeutic reagent against gastric cancer.
DISCUSSION
We observed that treatment of Saussurea lappa extract induced G2-arrest and apoptosis of AGS gastric cancer cells, probably by both ATM/ATR-dependent and independent pathways involving induction of p53/p21 Waf1 CKI, induction and activation of pro-apoptotic molecules, and concomitantly suppression of anti-apoptotic molecules. Meanwhile, the extract caused much less significant cytostatic effects on normal rat intestinal epithelial RIE1 cells, indicating tumor cell specific effects. These results may suggest Saussurea lappa extracts as a candidate for anti-tumor therapeutic reagent.
Cell cycle checkpoints are available to allow cellular repair when cells incur damage, including DNA damage, as well as to dissipate exogenous cellular stress signals, and to look for extracellular growth factors. In most cases, checkpoints may result in the activation of programmed cell death (apoptosis) signaling, if the cellular damages are too serious to be properly repaired. Therefore, defects in cell cycle checkpoints and apoptosis would results in tumorigenesis [17] . We observed in the cell cycle analysis that treatment of Saussurea lappa extract resulted in apoptosis and G2/M-arrest as well. Consistently, we also observed that a consistent cyclin D1 level around cell cycles, that cyclins E and A increased until 24 h, although they gradually declined afterward (to 48 h), and that mitotic cyclin B1 was decreased by the extract treatment, indicating a progression to S-phase cell cycle before eventual G2/M phase arrest and apoptosis. These indicate that S phase progression occurred until 24 hr after the treatment or so, and cells are either in G2 arrest and/or death by apoptotic DNA degradation at 48 h.
It was also shown that the extract treatment resulted in the induction of p53 and p21
Waf1 CKI ( Figure 4A and B), which are known to be important for G1-arrest as well as G2-arrest.
In addition, the extract-induced increases in p53 level and its Ser15 phosphorylation were blocked in part by an ATM/ATR inhibitor, caffeine. Meanwhile, the decreases in Cdc2 and Cdc25C on the extract treatment were attenuated by ATM/ATR inhibition ( Figure 4B ).
However, ATM/ATR inhibition could not completely abolish the extract-mediated increases in p53 and its Ser15 phosphorylation (e.g., control versus 12 h treatment).
Previously, it was reported that p53 protein induced cell cycle regulators including p21 Waf1 CKI [13] , which in turn initially inhibits the Cdc2-cylinB1 complex and subsequently reduces the cyclin B1 and Cdc2 protein levels, leading to G2-arrest [12, 18] . In addition to these mechanisms involving p21 Waf1 CKI, p53-dependent G2 arrest involves transcriptional up-regulation of additional downstream targets including 14-3-3σ, which modulates the subcellular localization of the cyclin B1/Cdc2 complex [19] and GADD45 [20] . In other words, p53 contributes to a sustained G2-arrest through cyclin B1/Cdc2 inhibition by colocalizing the complex with either nuclear p21 Waf1 CKI or cytoplasmic 14-3-3σ. Meanwhile, ATM/ATR can cause G2 arrest via p53-independent and dependent manners. ATM/ATR can be induced by DNA damages and inactivate mitotic CDK (Cdc2) by Chk1/2-activationmediated retaining of its stimulator Cdc25C at cytoplasm. ATM/ATR can also phosphorylated Ser15 of and activate p53 (reviewed in [16] . Therefore, observations from this current study and previous studies indicate that the Saussurea lappa-induced G2 arrest might involve ATM/ATR-dependent and independent pathways.
In addition to arresting cells at the G2-phase, treating cells with Saussurea lappa extract induced significant apoptosis over time after the treatment. Currently, it is not clear whether or not treatment of cells with Saussurea lappa extract might trigger the death signal through cell membrane-based receptors. However, it is clear that apoptosis mediated by the treatment involves activation of caspase(s), as we observed the loss of intact procaspase 3 and activation of caspase 3 ( Figure 5 ). We also observed an alteration in the levels of Bcl 2 and
Bax proteins. It is well-known that Bcl 2 and Bax family members have opposing actions, thereby regulating the activation of caspases [21] . p53 can regulate the induction of the both pro-and anti-apoptotic factors [22, 23] . Bcl 2 is anti-apoptotic and down-regulated by p53, whereas Bax is pro-apoptotic and induced by p53 [24] [25] [26] . Bax facilitates the release of the apoptosis-inducing factor and cytochrome c from the mitochondria, leading to the activation of the caspase cascade [27] . Once caspases are activated, various cellular proteins, including PARP, are cleaved by their actions, leading to defects in their signaling and/or structural functions, thereby resulting in cell death [28] . In this current study, such a signaling mechanism appears to be taking place with regard to the induction of p53 and Bax, a corresponding reduction in Bcl 2 expression, and activation of caspase3, thereby leading to apoptosis. Therefore, the cytostatic effects of Saussurea lappa extract appear to involve a G2-arrest and apoptosis, probably via induction of p53.
The G2 checkpoint control mediated via ATM/ATR-dependent or -independent pathways involving p53 and eventual apoptosis are potentially important determinants of tumor sensitivity to DNA damage. Previously it has been demonstrated in many studies that when cells were exposed to a combination of DNA damaging agents and checkpoint-inhibitory drugs, p53 is inactivated and the G2 checkpoint control is relaxed, leading to enhanced cytostatic effects. This suggests the possibility that such a combination could be used therapeutically to target tumor cells specifically, since p53 function is compromised or absent in many human tumors including gastric cancer [29] . Therefore, observations from studies including this current one may have important clinical implications for a medicinal herbal therapy approach to take care of gastric cancers with fewer side effects on normal epithelial cells. In addition, a combining conventional chemotherapy with traditional medicinal herbs, such as Saussurea lappa extract, may be an effective way to treat gastric cancers. After treatment, cells were washed twice with ice-cold PBS and then lysates were prepared using a RIPA lysis buffer. Lysates normalized to have equal protein amounts were used for immunoblots by SDS-PAGE using primary antibodies against the indicated molecules, as 
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